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This study presents 41 recommended experimental and 52 calculated values of critical
temperatures of aromatic and cyclic hydrocarbons. Additionally this work includes 93
recommended normal boiling point temperatures for these two groups of compounds.
This is Part Il in a series dealing with recommended critical data for organic compounds;
Part | dealt with aliphatic hydrocarbons. For 33 aromatic and 19 cyclic compounds there
is a significant lack of critical temperature values. Values have been provided by means of
prediction methods and previously critically evaluated values, based on a recommended
experimental database. One reason for the creation of this database was for the purpose of
evaluation the accuracy of prediction methods applied in this stud20@ American
Institute of Physics.[DOI: 10.1063/1.1647147
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1. Introduction

Critical parameters, especially critical temperaturés) (

g are those, which are basic for determination industrially im-

portant properties. Critical propertié&emperature, pressure,
and density are difficult to measure experimentally since
expensive high quality equipment is required for high accu-
racy measurements in high temperature and high pressure
regions. Moreover, the processes of thermal decomposition
constitute a major obstacle to the measurement of critical
properties. As a result, experimental datalgrvalues, espe-

hydrocarbons . ............................ 543 cially for ring compounds, are poorly represented in world

3. DeviationsE (%) of predicted critical
temperatures from recommended experimental
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literature. There are relatively few experimenffl data
available for aromatic and cyclic hydrocarbons and some of
these data, especially for terphenyls and cyclic hydrocarbons,
may be unreliable. In this latter case, prediction methods are
the only means by which these properties may be deter-
mined.
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542 . OWCZAREK AND K. BLAZEJ

The main purpose of this work was the creation of a datal#BLe 1. Recommended experimental values of normal boiling paits

base for recommended experimentally ba§¢go\/alues for and critical temperature$, for aromatic and cyclic hydrocarbons used in
aromatic and cyclic hydrocarbons, as well as filling gaps in

this work for testing the selected prediction methods

the data base iff; values, as far as possible, by means ofFormula

Name of compound

CAS RNT, (K) T, (K)

predictive methods. These methods had been previously
comparatively evaluated with regard to the accuracy and ap-sHs
plicability for special subgroups of mentioned hydrocarbons.C7H8
The set of recommended experimental values of normaf .
boiling point temperaturesT() for aromatic and cyclic hy-  CgHy
drocarbons is an additional result of this work, as the predic&sHo

) . . CoH
tion methods foiT, require reliable and accuralg, values.  ~°,"

Aromatic hydrocarbons

benzene
toluene
o-xylene
m-xylene
p-xylene
ethylbenzene
indan

71-43-2 353.23562.16
108-88-3 383.#3 591.80
95-47-6 417.88 630.33
108-38-3 412.35 617.05
106-42-3 411.35 616.26
100-41-4 409135617.1%
496-11-7 449.65 684.9

o : CyHy,  isopropylbenzene 98-82-8 425%54631.0%
The preliminary stages of this work were: CoHy,  1,2,3-trimethylbenzene 526-73-8 449:23664.3
CgHi,  1,2,4-trimethylbenzene 95-63-6 442.5 649.09
CgHy,  1,3,5-trimethylbenzene 108-67-8 437:87637.29
(@ Creation of a recommended experimental data base ¢fHi,  propylbenzene 103-65-1 432i46638-24
T, and T, values of aromatic and cyclic hydrocarbons Cuofts  naphthalene 91-20-3 491.11748.38
. . . g CioHi,  1,2,3,4-tetrahydronaphthalene 119-64-2 478.7819.5
for which the satisfactory qgantlty of experimental datac 1 1,24 5-tetramethylbenzene 05.93-2 468 1675.65
has been foundTable 1. This database was next used C,H,, 4-isopropyltoluene 99-87-6 450.88651.8
(b) Creation of a recommended experimental database qime“ butylbenzene 104-51-8  45642660.43
P ] = CyHy,  p-diethylbenzene 105-05-5 456.9 657.89
T, values of chosen hydrocarbons, for which the criti-c;H,,  1-methylnaphthalene 90-12-0 517'95772.1%
cal temperatures have been calculat@able 2. CiHio  2-methylnaphthalene 91-57-6 514.3 761.15
(0 Comparative determination of the accuracy of indi- G2t biphenyl 92524 528.15 77%

] . . 7 .Hig  hexamethylbenzene 87-85-4 536-85758.0
vidual predictive methods of calculation of critical tem- ¢ i~ penzylbenzene 101-81-5 5371427602
peratureT . values for hydrocarbons according to their C;H;;,  phenanthrene 85-01-8 613158697

. . . H 2
different molecular structures; and the final aim was 218:14 ivg'g!pﬂe”y:genze”e 2‘2"(1)2'2 2221'0(22;'2

L . 18H14 ,3-diphenylbenzene -06- . :
(d) Application of the chosen predictive methods for deter-c18Hl4 1.4-diphenylbenzene 02-94-4 649, 9082

mination of T, values for aromatic and cyclic hydro-

carbons for which the experimental data were not Cyclic hydrocarbons

. . . C3Hg cyclopropane 75-19-4 240.25397.8
available in world literature. CHy,  cyclopentane 287-92-3 3224151158
Ce¢Hio  cyclohexene 110-83-8 356.15560.40
. . . CgHy,  methylcyclopentane 96-37-7 34497532.7G
_ The exper.|mente.1l data W_ere crltlcally_ evaluated and §tat|sCGH12 cyclohexane 110-82-7 35350553 45
tically examined with the aim of choosing the most reliablec,H,,  methylcyclohexane 108-87-2 374%07572.2
T. and T, values for recommended data sets, mentioned if7Hi4 cyﬁl?her:tane 291-64-5 391-%5604?

. C;Hyy ethylcyclopentane 1640-89-7 376.62569.
points(a) and (_b)' o o CgHig  trans1,4-dimethylcyclohexane 2207-04-7 39214887.76
The evaluation of the applicability of prediction methods c,1,,  cyclooctane 202-64-8 423.85 64726
was effected by determining the dependence of their accuseHis  1cis-3trans5- 1795-26-2 413.70 602.26

. trimethylcyclohexane
racy upon:

y up C,His  cis-decalin 493-01-6 467.75 703.6

. . H 2

(1) a number of alkyl groups, substituted to ring and CioHig  transdecalin 493-02-7 458.65 687

(2) a number of rings, constituting the molecule

2. Recommended Experimental Data
on Normal Boiling Points and Critical
Temperatures

This work is the second part of a general study for the
determination of critical parameters of the main groups of
chemical compounds for which experimental data are not
available in world literature. This study will be followed by 2.1. The Criterion and the Procedure for Selection
evaluation of the aforementioned predictive methods’ accu- of Experimental Data

racy for critical parameters of other groups of compounds The database of the recommended normal boiling pjnt
(including alcohols, esters, ketones, and halogenated hydry,y critical temperatur@, values for aromatic and cyclic
carbong as well as for their critical pressure. hydrocarbons is based on all available experimental data ex-

The critical volume will not be included in this study as tracted from two data banks: Thermodynamics Research
there is insufficient experimental data. New predictive meth-Center (NIST-TRC! and Thermodynamics Data Center
ods for the critical properties, if published, will be consid- (TDC)? as well as the more recent publications ©p as
ered. contained in numerous studi&<
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CRITICAL TEMPERATURES OF AROMATIC AND CYCLIC HYDROCARBONS

TaBLE 2. Recommended experimental values of normal boiling pdiptsf
aromatic and cyclic hydrocarbons for which critical temperature values wergylowed us to judge whether specific data are the primary

calculated in this work. All data are extracted from experimental base o

NIST-TRC!
Formula Name of compound CAS RN T, (K)
Aromatic hydrocarbons
CgHg styrene 100-42-5 418.29
CoH1g m-vinyltoluene 100-80-1 442.65
CoHyp p-vinyltoluene 622-97-9 444.95
CoHyp isopropenylbenzene 98-83-9 438.65
CoHio o-ethyltoluene 611-14-3 438.3
CyHy, m-ethyltoluene 620-14-4 434.45
CoH1o p-ethyltoluene 622-96-8 435.15
CigH1o 4-phenyl-1-butene 768-56-9 450.15
CioH12 o-isopropenyltoluene 7399-49-7 445.35
CioH12 p-isopropenyltoluene 1195-32-0 450.85
CigH1o 4-allyltoluene 3333-13-9 456.06
CioH14 1,2,3,5-tetramethylbenzene 527-53-7 471.25
CioH14 m-diethylbenzene 141-93-5 454.77
CiHia 1-ethyl-3,4-dimethylbenzene 934-80-5 462.7
CigHia 1-methyl-4-propylbenzene 1074-55-1 456.65
CioH14 2-isopropyltoluene 527-84-4 451.28
CiHia 3-isopropyltoluene 535-77-3 448.35
CigHia sec-butylbenzene 135-98-8 446.45
CioH14 tert-butylbenzene 98-06-6 442.27
CioH1a o-diethylbenzene 135-01-3 454.35
CiiHig pentamethylbenzene 700-12-9 505.15
CiiHig pentylbenzene 538-68-1 477.40
CiiHig 1-methyl-3-tert-butylbenzene 1075-38-3 462.44
CiHye tert-pentylbenzene 2049-95-8 459.15
CioHyo 1,6-dimethylnaphthalene 575-43-9 537.15
CioHyo 2,3-dimethylnaphthalene 581-40-8 541.15
CiHi, 2,6-dimethylnaphthalene 581-42-0 535.15
CiHig hexylbenzene 1077-16-3  498.15
CisHig 9H-fluorene 86-73-7 569.55
CiaHog heptylbenzene 1078-71-3 515.15
CiHig anthracene 120-12-7 613.05
CiHyo octylbenzene 2189-60-8 537.65
CigHso 2-phenyldodecane 2719-61-1 57565
Cyclic hydrocarbons
CsHg 1,3-cyclopentadiene 542-92-7 313.15
CsHyp 1-methylcyclobutane 598-61-8 310.25
CsHyg ethylcyclopropane 1191-96-4 309.35
CsHyg trans-1,2-dimethylcyclopropane 2402-06-4 301.35
CsHio methylenecyclopentane 1528-30-9 351.65
CeH1o ethylidenecyclobutane 1528-21-8 35341
CgHip 1-methylcyclopentene 693-89-0 348.75
CsHio 2-cyclopropylpropene 4663-22-3 343.56
CsHio 3-methylcyclopentene 1120-62-3 33835
CgH1o 1-ethyl-1-methylcyclopropane 53778-43-1 329.94
CsHio cis-1-methyl-2-ethylcyclopropane 19781-68-1 338.55
C;Hi» methylenecyclohexane 1192-37-6 378.15
CgHg 1,1-dimethylcyclohexane 590-66-9 392.69
CgHyg 1,1,2-trimethylcyclopentane 4259-00-1 386.88
CgHyg 1,1,3-trimethylcyclopentane 4516-69-2 378.04
CgHyg ethylcyclohexane 1678-91-7 404.95
CyHyg n-propylcyclohexane 1678-92-8 429.85
CoHig isopropulcyclohexane 696-29-7 427.71
CoH1g 1,cis-3,cis-5- 1795-27-3 411.15

trimethylcyclohexane

#/alues from a single investigation.

543

The data references, attached to every experiment result
fdata(that is, values were derived from the original observa-
tion) and let us know which method and equipment was used
in the experiment. The short description, attached to every
experimental result, permitted us to know if the measurement
was a principal objective of experiment, as well as to know
the purity of substance sample used. Moreover the measure-
ment error has been allocated for each experimental value
collected in data banks?

That information allowed us to form verified “subsets,”
concerning one property for one substance and containing
reliable experimental data extracted from mentioned data
banks. Any outlying data points were eliminated from every
subset. The accepted data were then examined for their pre-
cision and accuracy as stated by the author. For individual
cases of single or double data the selection of the religple
values was additionally guided by auxiliary information,
such as a citation in the more recent literature or comparison
with data from auxiliary sourcés® In these instances, the
recommended values, denoted with asterisks, are those from
a single investigation and occur only in Table 2. Secondary
data, that is values which were not derived from the original
observation orT,,, have been rejected.

The same selection has been performedTipwith par-
ticular attention paid to the sample purity.

Discrepancies, among the remaining data values forming
every subset, did not exceed 0.5 K and 1.5 KTgrand T,
respectively

2.1.1. Statistical Analysis of Selected Data

The reliable values of, andT, selected were those clos-
est to the weighted mean of all measured data included in
individual subsets. This was feasible because each experi-
mental value had its measurement error used subsequently
for determination of weights of experimental values.

2.2. Recommended Experimental Data on Critical
Temperatures and Normal Boiling Points for
Aromatic and Cyclic Hydrocarbons

Data banks? include about 10-15 data values fbs and
about six data values fdr. per substance allocated in Table
1. Critical analysis of this data reduced those numbers to:
4-6 forT, and 4 forT.. The experimental’, and T, values
of 28 aromatic and 11 cyclic hydrocarbons, mentioned in
point 1(a) were used for evaluation of the critical tempera-
ture prediction methods. Their names together with the rec-
ommended experimental data dn, and T, are listed in
Table 1.

Table 2 represents the substances with less investigated
properties, so the number of experimenigl data amounts
on average to about three reliable values per substance. This
table provides the names and recommenilgdvalues for
chosen 33 aromatic and 19 cyclic hydrocarbons, mentioned
in point 1(b) for which experimental values df; were not
available in literature and were calculated in this work.
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TaBLE 3. DeviationsE (%) of predicted critical temperatures from recommended experimental values for tested methods

E (%)
Name of method

Name of compound Ambrose Joback Fedors Daubert Constantinou Somayajulu Klincewicz

Aromatic hydrocarbons
Normal alkylbenzenes

benzene +0.01 -0.11 —0.59 —0.35 +0.17 —0.00 —4.69
toluene +0.11 +0.34 -1.27 —0.49 +0.73 +0.29 —2.58
ethylbenzene -0.10 +0.28 —-1.45 +0.08 +0.47 +0.05 -1.09
propylbenzene -0.12 +0.24 -1.31 +0.19 -0.21 —0.04 +0.39
butylbenzene -0.20 +0.18 -1.63 -0.01 -0.15 -0.07 +1.79
Other alkylbenzenes
o-xylene —0.06 +0.00 -0.67 +0.04 —0.98 +0.16 -1.33
m-xylene +0.12 +0.85 -1.61 —0.16 +1.14 +0.31 -0.41
p-xylene +0.08 +0.82 —1.47 —0.56 +1.28 +0.75 —0.44
1,2,3-trimethylbenzene -0.11 -0.27 -0.44 +0.59 —2.44 -0.28 —0.02
1,2,4-trimethylbenzene +0.12 +0.56 —-0.57 —-0.03 —-0.12 +0.35 +0.89
1,3,5-trimethylbenzene +0.31 +1.35 —1.46 —-0.52 +1.72 +0.52 +1.74
1,2,4,5-tetramethylbenzene +0.13 +0.26 -0.37 +0.35 -0.89 +0.02 +2.15
hexamethylbenzene —-0.12 —1.55 —0.46 +2.31 —6.86 -0.10 +3.05
p-diethylbenzene -0.12 +0.54 -1.38 +0.27 +0.82 +0.41 +2.28
isopropylbenzene —0.00 +0.06 -1.29 0.14 —0.09 -0.20 —0.00
isobutylbenzene -0.34 +0.21 -1.02 -0.35 +0.15 —0.52 +1.14
4-isopropyltoluene —0.04 +0.80 —1.43 -0.37 +0.32 +0.19 +1.83
Polyphenyls
biphenyl +0.13 +0.69 —8.28 +2.04 -1.61 +0.25 -0.35
benzylbenzene +1.64 +2.15 —4.84 +0.93 —-3.23 +1.76 +2.76
1,2-diphenylbenzene -2.10 —2.00 -5.73 -1.12 —0.49 +1.30 +1.09
1,3-diphenylbenzene —-0.12 —-0.01 —-9.47 +1.51 —3.42 +2.80 +3.07
1,4-diphenylbenzene -0.88 -0.78 —-11.96 +1.30 —6.08 +2.38 +2.25
Condensed polycyclic
indan -0.85 -1.10 -5.29 +0.28 -0.20 +0.66 —2.86
naphthalene -0.01 —1.46 —9.67 —0.09 —-1.24 —0.00 -3.49
1,2,3,4-tetrahydronaphthalene —1.00 —-0.92 —6.48 +1.21 +2.66 +0.42 —-2.14
1-methylnaphthalene -0.32 —-1.54 —-14.85 -0.31 -1.36 -0.15 -1.86
2-methylnaphthalene +0.40 -0.82 -9.13 +0.26 —-1.17 +0.57 —-1.12
phenanthrene -2.15 +0.94 —13.30 +4.31 -5.11 +3.71 +1.95

Cyclic hydrocarbons
Unsubstituted cyclics

cyclopropane +0.34 -1.32 —2.54 +0.01 —4.49 +0.47 —-2.41
cyclopentane +0.28 +2.98 —0.56 —-1.35 —-0.14 +0.46 —3.51
cyclohexene -0.17 +0.04 -1.20 —0.58 +0.18 -0.02 -3.78
cyclohexane -0.17 +0.18 —0.42 +0.02 +0.86 +0.03 -3.20
cycloheptane —0.65 +0.14 —4.25 -1.17 +0.02 —0.44 —2.99
cyclooctane -1.13 +0.02 —6.83 —1.96 -3.35 —0.90 —2.68
Substituted cyclics

methylcyclohexane -0.67 +0.30 —0.40 +0.73 +0.63 —0.40 -1.79
ethylcyclopentane —0.35 +0.36 -1.54 —0.09 —0.99 -0.12 -0.70
methylcyclopentane +0.34 +0.91 -0.32 +0.16 +0.12 +0.60 —-1.53
trans-1,4-dimethylcyclohexane -0.92 +0.46 —0.08 +0.87 +0.69 —0.61 -0.35
1cis-3trans5- -0.23 +1.44 +0.19 +2.55 +0.71 +0.13 +1.85
trimethylcyclohexane

cis-decalin -0.64 —1.34 —6.48 +0.87 —6.56 —2.24 —2.27
trans-decalin -0.22 —0.93 —4.22 +0.91 —431 -1.83 -1.78
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TaBLE 4. The dependence of absolute percent errors of the tested methods upon the numbggaiuphl substituted to benzene ring

Number of
CHj; groups Ambrose Joback Fedors Daubert Constantinou Somayajulu Klincewicz
0 0.01 0.11 0.59 0.35 0.17 0.00 4.69
1 0.11 0.34 1.27 0.49 0.73 0.29 2.58
2 0.09 0.56 1.25 0.25 1.13 0.41 0.73
3 0.18 0.73 0.82 0.38 143 0.38 0.88
4 0.38 0.40 1.17 0.27 0.46 0.24 1.84
6 0.12 1.55 0.46 231 6.86 0.10 3.05

The accuracy of a given value is defined by the number of  glecting the next-nearest neighbors effects. The methods
digits after the decimal point in the numeric value. of Ambrose® Joback!® Fedors'! and Somayajuttibe-
long to this class.
(2) The second order group techniques, which additionally

3. List of Selected Methods take into consideration the influence of first and second-
of T, Prediction level neighbors of a considered group. The methods of
Jalowka-Daubett'?*3and Constantindi belong to this

The following methods, defined by the names of one of ~ ¢1ass.

the authors, have been chosen as a result of a review and,a . o

e : . - . A'more detailed description of these methods was presented
critical analysis of main prediction methods ©f available in Part | of this seried’
in literature: (1) Ambrose® (2) Joback!® (3) Fedors'! (4) '
Jalowka-Daubert!?13(5) Constantinod? (6) Somayajulcf _ _
and (7) Klincewicz® 4. Testing Calculations

All tested methods, except that of Klincewitzemploy
group contribution techniques which determine correction Calculations, performed for evaluation of the accuracy of
factors for specific groups of atoms which constitute the molthe seven predictive methods, were conducted for 13 cyclic
ecule of interest. Values of these contribution factors arénd 28 aromatic hydrocarbons including: normal alkylben-
tabulated for every method and their sum represents the finaenes, other alkylbenzenes, polyphenyls, and condensed
correction applied to the calculation of the critical tempera-polycyclics.
ture. These specific methods differ among themselves by The chosen prediction methods employ 10-100 specific
various group definitions and values. Most of them requirecontribution groups together with attributed temperature cor-
the knowledge of: rection factors. For each hydrocarbon and for each method,
I all contribution groups forming the molecule were specified
(1) group contrlbl_Jtlon models based on molecular structureand their sum vyielded values of the final correction factor
(2) molecular 'v.velght,_ and used for prediction of the critical temperatufg,. Devia-
(3) normal boiling point. tions of the calculated critical temperatures valligsfrom
the recommended experimental valuesTgfare shown in

The method of Constantindtiand Klincewic2® do not re- :
! meew! Table 3. They were calculated according to

quire the knowledge off, values. This fact is useful for
compounds with undefined,, i.e., for complex structure E=[(T¢p—Te)/T¢]- 100,

;\l:teasé;nsc;izﬁThe investigated methods represent two dIStIn\‘/:v'hereTCp is the value of critical temperature obtained from

prediction method and . is the value of experimental rec-
(1) The first order group techniques which determine theommended critical temperature. Error valugsare listed
molecule by means of simple group contribution, ne-with an accuracy of 0.01%.

TaBLE 5. The dependence of absolute percent errors of the tested methods upon the number of overall number of C atoms substituted to benzene ring

Number of
C atoms Ambrose Joback Fedors Daubert Constantinou Somayajulu Klincewicz
0 0.01 0.11 0.59 0.35 0.17 0.00 4.69
1 0.11 0.34 1.27 0.49 0.73 0.29 2.58
2 0.10 0.42 1.35 0.16 0.80 0.23 0.91
3 1.08 1.50 1.25 1.22 1.50 1.05 1.40
4 0.38 0.40 117 0.27 0.47 0.24 1.84
6 0.12 1.55 0.46 2.31 6.86 0.10 3.05

J. Phys. Chem. Ref. Data, Vol. 33, No. 2, 2004
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TaBLE 6. Average absolute percent error for tested methods for different groups of aromatics

Group Ambrose Joback Fedors Daubert Constantinou Somayajulu Klincewicz
Normal alkylbenzenes 0.11 0.23 1.25 0.22 0.35 0.09 2.11
Other alkylbenzenes 0.13 0.61 1.01 0.47 1.40 0.32 1.27
Polyphenyls 0.81 0.93 5.47 0.84 2.23 1.41 1.53
Condensed polycyclics 0.79 1.13 9.78 1.07 1.95 0.91 2.24
5. Results of Tests and Conclusions 5.2. Cyclic Hydrocarbons
5.1. Aromatic Hydrocarbons An extensive examination of the selected methods was not

. . ) possible as there are relatively few experimental data avail-

The influence of the number and position of ring and alkylzpie for cyclic hydrocarbons. The examinations of selected
subst!tuted groups on the accuracy of selected methods Wel§aihods have been performed for two subgroups of sub-
examined. The length of alkyl groups, and the overall NUMances: substituted and unsubstituted cyclic hydrocarbons.
ber of substituted C atoms was considered too. All results ok s its for individual compounds are shown in Table 3 and
the investigation are presented in the tables below. absolute percent errors for two main mentioned subgroups

It has been stated that there is no general influence of the. presented in Table 7. The method of Ambfoaad
number and the length of the substituted aIky_I groups on th%omayajuld are generally recommended for cyclic hydro-
method's erroTables 4 and b However the slight increas-  ¢5nons; yielding the constant error level less than 0.85%. As
ing effect of substituted groups positioartho, meta, para  ghown in Table 7 the method of JobdLkjields average
has been observedefer to Table % , lower deviation for the second subgroup than the method of

Deviations of calculated’; value from experimental data gomayajullf but relatively high in individual cases. As well
vary significantly among particular subgroups. As shown inyg i ‘the case of the aromatic hydrocarbons, cyclic com-
Table 6 all the methods yield .hlgher deviations for pOIVphe'pounds should be considered individualig) the method of
nyls and condensed aromatics. Generally the methods @ ,nstantinotf provides the most accurate correction factor
Ambrosé and Somayajuthiyield the lowest d_eV|at|0ns, av- for five- and seven-membered cyclic rin@) the method of
erage less than 0.81% and 1.41%, respectively, for all Sulgqord? goes not take into consideration more than six-
groups and are recommended_ by authors as the most reliablgs mpered cyclic ring, an) the method of Somayajutis
for T, calculation for aromatics. Nevertheless every sub{,qore reliable than other ones in cases of double bond in
group, and even every compound should be considered i”difyclic fing.
vidually, as strong quctgatlon of methods’ accuracy was 0b-" ¢ \was noticed that the specific treatment of a cyclic ring in
served among particular subgroups and particulaghe method of Ambrogehas proved to be the most effective
compoundi.e., recommended the Somayaftimethod for giving the smallest deviations in the case of a saturated

condensed polycyclicexcept for phenanthrengields for ying Thys, this method is employed for calculatibpvalues
the remaining compounds of this group an average deviatiogs most cyclic hydrocarbonéTable 8.

0.36%, while for phenanthrene this error increases to

3.719%. This may result from the fact, that each method

takes into account different nuances of complex and varied 6. Prediction of Critical Temperatures

structure of the ring compounds, i.e., the method of

Somayajult takes the condensed aromatic ring into consid- Using the conclusions from the analysis of the results of

eration by employing benzene atom contribution and comexamination(Secs. 4 and )5 the proper prediction methods

mon “fused atoms” contribution, while the method of have been applied for calculation of critical temperatures for

Ambros€ employs correction factor for all /£, groups particular aromatic and cyclic hydrocarbons. The critical

fused as in naphthalene. The latter way is more accurate. temperature data base for the hydrocarbons was enriched by
The preliminary results of attempts of extrapolationTgf  the calculated critical temperatures for 52 compounds, for

prediction towards heavy condensed ring compounds poinhich experimentall ; data were not available in the litera-

to the possibility of occurrence of high errors. ture, but reliable boiling point temperatures were available.

TaBLE 7. Absolute percent error for tested methods for two subgroups of cyclic hydrocarbons

Group Ambrose Joback Fedors Daubert Constantinou Somayajulu Klincewicz
Unsubstituted 0.51 0.93 2.92 0.90 1.77 0.46 2.96
Substituted 0.48 0.82 1.89 0.88 2.00 0.85 1.47
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TasLE 8. Aromatic and cyclic hydrocarbons—calculated values of critical temperafyggwedicted using the selected methods specified below. Expected
percent error for alll ;z—(from 0.02% to 0.85%

CAS RN Formula Name Tep (K) E? (%) Method
Aromatic hydrocarbons
100-42-5 GHg styrene 635.47 0.13 1
100-80-1 GHyg m-vinyltoluene 654.35 0.31 2
622-97-9 GHyg p-vinyltoluene 662.73 0.27 3
98-83-9 GHyo isopropenylbenzene 651.17 0.13 1
611-14-3 GH» o-ethyltoluene 647.92 0.16 2
620-14-4 GH1» m-ethyltoluene 638.04 0.32 2
622-96-8 GH3, p-ethyltoluene 641.89 0.32 2
768-56-9 GoH1o 4-phenyl-1-butene 654.64 0.52 2
7399-49-7 GoH1o o-isopropenyltoluene 643.99 0.13 1
1195-32-0 GoH1» p-isopropenyltoluene 652.84 0.13 1
3333-13-9 GoH1o 4-allyltoluene 663.23 0.41 2
527-53-7 GoH1a 1,2,3,5-tetramethylbenzene 678.81 0.02 2
135-01-3 GoH14 o-diethylbenzene 657.00 0.13 1
141-93-5 GoH14 m-diethylbenzene 654.06 0.13 1
934-80-5 GoH14 1-ethyl-3,4-dimethylbenzene 667.75 0.32 2
1074-55-1 GoH1a 1-methyl-4-propylbenzene 656.76 0.13 1
527-84-4 GoH14 o-isopropyltoluene 655.65 0.32 2
535-77-3 GoH14 m-isopropyltoluene 647.66 0.32 2
135-98-8 GoH1a sec-butylbenzene 648.56 0.13 1
98-06-6 GoHia tert-butylbenzene 649.71 0.13 1
700-12-9 GiHis pentamethylbenzene 714.9 0.02 2
538-68-1 GiHig pentylbenzene 677.92 0.09 2
1075-38-3 GiHie 1-methyl-3-tert-butylbenzene 660.19 0.32 2
2049-95-8 GHie tert-pentylbenzene 661.42 0.13 1
575-43-9 GoHio 1,6-dimethylnaphthalene 778.46 0.79 1
581-40-8 GoHyo 2,3-dimethylnaphthalene 790.35 0.36 2
581-42-0 GoHy» 2,6-dimethylnaphthalene 780.03 0.36 2
1077-16-3 GoHig Hexylbenzene 695.92 0.09 2
86-73-7 GaHip 9H-fluorene 825.15 0.81 1
1078-71-3 GsHao heptylbenzene 709.05 0.09 2
120-12-7 GsH1o anthracene 900.87 0.79 1
2189-60-8 GHo) octylbenzene 730.03 0.07 2
2719-61-1 GgHso 2-phenyldodecane 748.73 0.07 2
Cyclic hydrocarbons
542-92-7 GHs 1,3-cyclopentadiene 505.03 0.48 1
598-61-8 GHyg 1-methylcyclobutane 488.04 0.48 1
1191-96-4 GHyo ethylcyclopropane 481.88 0.48 1
2402-06-4 GHyo trans-1,2-dimethylcyclopropane 468.95 0.48 1
1528-30-9 GHao methylenecyclopentane 547.63 0.85 2
1528-21-8 GH1o ethylidenecyclobutane 546.21 0.48 1
693-89-0 GH1g 1-methylcyclopentene 543.09 0.85 2
4663-22-3 GH1o 2-cyclopropylpropene 534.00 0.48 1
1120-62-3 GHao 3-methylcyclopentene 526.89 0.85 2
53778-43-1 GH1» 1-ethyl-1-methylcyclopropane 507.90 0.48 1
19781-68-1 GH1, cis-1-methyl-2-ethylcyclopropane 513.42 0.48 1
1192-37-6 GHy, methylenecyclohexane 575.31 0.48 1
590-66-9 GHag 1,1-dimethylcyclohexane 590.42 0.48 1
4259-00-1 GH1s 1,1,2-trimethylcyclopentane 576.62 0.48 1
4516-69-2 GH16 1,1,3-trimethylcyclopentane 563.44 0.48 1
1678-91-7 GH1s ethylcyclohexane 601.24 0.48 1
1678-92-8 GHag n-propylcyclohexane 625.15 0.48 1
696-29-7 GHag isopropulcyclohexane 625.91 0.48 1
1795-27-3 GHyg 1,cis-3,cis-5-trimethylcyclohexane 599.24 0.85 2

#Expected percent errors for individual cases.
PNumbers attributed to method&t) Ambrose? (2) Somayajullf, (3) Daubert*?13
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